The molar ratio of two blood polyamines (spermidine to spermine) was investigated in 54 children with shortness of stature. The long-term reproducibility of this ratio was 9.0%. In children with no endocrine disturbances, the mean ratio was 0.97. In children with isolated growth hormone deficiency, it was 0.61, and in those with growth bormone and ACTH deficiency, it was 0.67, both significantly low values. The ratio showed a significant positive correlation with growth hormone response to insulin hypoglycemia (r = 0.58; P < 0.001) and with the nitrogen retention response to short-term growth hormone therapy (r = 0.45; P < 0.001). In contrast, no such correlation was present with cortisol response to hypoglycemia.
Summary
The molar ratio of two blood polyamines (spermidine to spermine) was investigated in 54 children with shortness of stature. The long-term reproducibility of this ratio was 9.0%. In children with no endocrine disturbances, the mean ratio was 0.97. In children with isolated growth hormone deficiency, it was 0.61, and in those with growth bormone and ACTH deficiency, it was 0.67, both significantly low values. The ratio showed a significant positive correlation with growth hormone response to insulin hypoglycemia (r = 0.58; P < 0.001) and with the nitrogen retention response to short-term growth hormone therapy (r = 0.45; P < 0.001). In contrast, no such correlation was present with cortisol response to hypoglycemia.
Speculation
The association of decreased growth hormone activity with decreased polyamhe synthesis in man agrees with data obtained in vitro and in animals. Growth hormone seems to be a direct regulator of the synthesis of polyamines, which have essential functions in cellular metabolism.
Three polyamines, putrescine, spermidine (SPD), and spermine (SP), are associated with several biochemical events of tissue growth, including protein and nucleic acid synthesis and metabolism. The initial and rate-limiting enzyme in the synthesis of these axnines is ornithine decarboxylase (ODC). According to animal experiments, its activity in tissues appears to be influenced by growth hormone (GH) activity. The induction of ODC activity results in an accumulation of SPD and a consequent increase in the molar ratio of SPD to SP (SPD/SP) in tissues (8) .
We determined SPD/SP as an indirect measure of the rate of polyamine synthesis in blood cells (9) in a group of children with short stature, with or without evidence of impaired GH secretion, to assess the role of GH in human polyamine metabolism.
SUBJECTS AND METHODS
A total of 54 children, 23 girls and 31 boys, aged from 5.2 to 18.5 years, were investigated because of short stature: height more than 2.5 S.D. below the mean for age (1) ( Table 1) .
GH deficiency was defined as a repeatedly subnormal plasma GH response to insulin test (highest level below 7.0 ng/ml). ACTH deficiency was defined as a repeatedly subnormal plasma cortisol respo,nse to insulin test (highest level below 26 pg/100 ml) (13) in the presence of other evidence for hypopituitarism. Using these criteria, three groups of patients were formed as follows: (1) isolated GH deficiency: 17 children (11, idiopathic; 5, birth in breech or face presentation or severe maternal toxemia; 1, craniopharyngeoma); (2) GH and ACTH (and cortisol) deficiency: 8 children (5, breech presentation or asphyxia at birth; 2, craniopharyngeoma; 1, idiopathic). The children with craniopharyngeoma were having cortisol substitution, 7.5 to 15 mg/m2 daily; it was discontinued on the day preceeding the insulin test. All 8 children also had thyroid-stimulating hormone deficiency; this was appropriately substituted for with thyroxin during the study; (3) short stature without endocrine deficiency: 26 children (19, fiunilial short stature and/or delayed growth and maturation; 3, prenatal growth retardation; 2, Turner's syndrome; 1, autosome anomaly [46, XY, (9) ]; 1, cartilage-hair hypoplasia]. These children formed the reference group. Data on 3 additional children were included in the correlation analyses (1, primary autoimmune adrenalitis; 2, primary hypothyroidism).
The polyamine concentrations were determined from the sediment of blood including all cellular elements. Erythrocyte counts were in all patients within normal limits. Heparinked venous blood samples of about 10 ml were drawn after an overnight fast, centrifuged immediately, and assayed (9) . The results were expressed as the molar concentration ratio, SPD/SP, to curtail the effect of errors due to variation in dilution in the analysis (9) . The combined biological and technical reproducibility of the ratio was examined by restudying 29 of the children after periods from 1 to 12 months (Fig. 1) . No changes in medication took place during ' Mean f S.E. ' Significantly (P < 0.05) different from patients without GH deficiency (group 3).
Significantly (P < 0.05) different from patients with isolated GH deficiency (group 1).
' ~i&ulated after log transformation.
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the interval. The SPD/SP ratio showed a precision of 9.090. [The figure is the S.D. of the distribution of the percentage of intrapair differences, 100 (b -a)/@ + a), where a is the first and b the second value of an individual (13)l. There was no correlation between the SPD/SP and the white blood cell counts. Blood cell SPD/SP was also compared with the GH activity, determined as the nitrogen retention response to a 5-day GH treatment, 2 mg/m2 IM daily (15) . The activity of the GH preparation (18) used was determined with the tibia test in hypophysectomized infantile rats. It gave a mean rat tibia1 width of 237 pm, compared with 225 pm after USP bovine GH standard and 163 pm after saline (courtesy of Dr. Olaf Trygstad and Irene Foss, Pediatric Research Institute, University of Oslo). Plasma GH was determined with an radioimmunoassay and cortisol with a fluorometric method (13) Student's two-tailed t test. Correlation coetlicients were calculated with standard methods.
RESULTS
The mean blood cell SPD/SP of the 25 hypopituitary children (groups 1 and 2, Table 1 ) was siecantly decreased (P < 0.001).
It was similar in the groups with isolated GH and GH and ACTH deficiency. The mean values of SPD/SP were 63 and 6% of the mean of the reference group, respectively.
The SPD/SP ratio showed a correlation with the maximal plasma GH level of the insulin tests and with nitrogen retention response to GH (P < 0.001, Fig. 2 ). It showed no correlation with the maximal plasma cortisol level of the insulin test.
In the reference group, SPD/SP depended neither on chronological age nor on bone age. The values were slightly higher in girls (mean, 1.00) than in boys (0.94); this difference was not statistically significant.
DISCUSSION
In patients with growth hormone deficiency, blood cell SPD/ SP was lower than in children with nonendocrine short stature. In the latter, the ratio was similar to or slightly lower than that found in healthy individuals (4). These findings indicate that a decrease in polyamine synthesis is associated with GH deficiency. In animal experiments, GH and glucocorticoids and/or ACTH have been found to increase polyamine synthesis (5, 17) . In our series, however, the coexistence of hypocortisolism with GH deficiency was not associated with a further decrease in the polyamine ratio.
The association between growth process and polyamine synthesis has been demonstrated in several situations. Thus, high activity of ODC and increased SPD/SP are present in tissues of rapidly growing young animals (8, 9) , in regenerating rat liver (lo), in compensatory or adaptive hypertrophy of renal and cardiac tissue (2, 3) , and in various tumors (8) . Moreover, the circadian variation in renal ODC activity may be attributed to physiologic fluctuations in plasma GH levels in rats (14) . Evidence for such physiologic association between GH activity and polyamine synthesis has also been found in human fetuses. After midgestation, the ODC activity in fetal liver parallels the rise and fall of plasma GH level (6, 11, 19) .
A causal nature of this relationship is indicated by several animal experiments. Hypophysectomy results in a decreased concentration of SPD in rat liver, and this effect is reversed by GH substitution (12) . Pharmacologic doses of GH increase both the ODC activity, SPD concentration, and SPD/SP ratio in several 
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tissues (10) . In contrast, treatment with an anti-growth hormone antiserum decreases the ODC activity in rat liver (16) . All these pieces of evidence would be in accord with the hypothesis that GH activity is a major factor in determining the synthesis of polyamine under experimental conditions in animals. The effect does not seem to be mediated via stimulation of the somatomedin activity (7). Our findings suggest that the relationship may also exist in man and, further, suggest that growth hormone may play a similar role in the regulation of polyamine synthesis in man as in animals.
